Introduction
Insects and arthropods are a large, unexplored and unexploited source of potentially useful compounds for modern medicine 1) . The housefly (Musca domestica) belongs to the Diptera. Housefly maggots have been used clinically to cure ecthyma, lip boils and bacterial infection of the digestive organs since the Ming Dynasty (1368 A.D.) in China 2) , and also used to treat coma and gastric cancer when combined with other drugs 3) . They provide useful information for the development of anti-tumor drugs 4) and have also been used in functional food for many centuries. Recent studies in vitro have shown that maggot secretions suppressed pro-inflammatory responses of human monocytes through the upregulation of cyclic AMP 5) and also could skew the differentiation of monocytes into macrophages from a pro-inflammatory to a pro-angiogenic type 6) . Another study reported that maggot excretions/secretions potently inhibited multiple neutrophil pro-inflammatory responses, including chemotaxis, degranulation, respiratory burst and integrin expression, without affecting the antimicrobial activities of neutrophils 7) . Studies in mice and humans have demonstrated that pro-inflammation drives all phases of atherosclerosis, including initiation, progression, and thrombotic complications of the lesion 8) .
The biological effects of active constituents from housefly maggots have been studied extensively; however, to our knowledge, most investigations were carried out in vitro and no laboratory reports about their bioactivity on anti-atherosclerosis are available. In the present study, we used PE instead of maggot excretions/secretions because of the more convenient mode of production and more product. The aim was to investigate the effects of PE-inhibited LPS-induced atherosclerosis pro-inflammatory responses both in vivo and in vitro.
Materials and methods

Preparation of PE from housefly maggots
The laboratory strain of the housefly (M. Domestica) was a kind gift from Guangdong Provincial Center for Disease Control and Prevention (CDC), China. Adult flies were maintained in gauze-covered cages at 28 and fed a diet of sugar and dry milk powder. Husks of wheat seeds were provided as a substrate for egg laying. Husks with eggs were placed in plastic containers and maintained on a 12-hour light/dark cycle under constant temperature (28 ) and relative humidity (RH) 75% 5%. After the eggs hatched, the maggots were transferred to freshly prepared feed (blending ratio of each component in the composite material was as follows according to mass: husks, 1000 parts; milk powder, 150 parts; yeast extract, 50 parts ; water, 200 parts).
Third-instar maggots were collected, washed with distilled water, dried with absorbent paper and then frozen to death at 20 . Then, 200 g maggots were weighed and homogenized in a glass beaker, using a homogenizer with a PT300 tip, applying four short pulses (5 sec at 3500 rpm), separated by 10 seconds of incubation on ice to avoid warming the crude homogenate. The ice-cold homogenate was then transferred to a motor-driven glass/Teflon beaker, kept on ice, and 10 full strokes (800 rpm) were applied to the sample. The homogenate was filtered, with the help of a Teflon pestle, through a layer of 64 mm nylon mesh on the rim of an ice-cold 100 mL glass beaker. The material retained on the nylon mesh, was transferred again to the motor-driven glass/Teflon beaker, with 1 mL distilled water per g of original maggots, and five full strokes (800 rpm) were applied before filtering the homogenate again through nylon mesh as described above. After combiniing the filtrate it was centrifuged at 1300 g for 5 min at 4 , and the supernatant was concentrated and lyophilized. Finally, the mass of lyophilized powder was weighed and the yield was calculated. The lyophilized supernatant was protein-enriched fraction/extract (PE) that was stored at 20 until needed.
Protein concentration analysis and SDS-PAGE analysis
Protein concentration was determined using the bicinchoninic acid (BCA) protein assay kit according to to manufacturer's instructions. BCA fluid was prepared at a ratio of 50:1 according to standard preparation. The sample was added to the plate and the volume adjusted to 20 L with PBS. Plate was incubated at room temperature and the absorbance was measured at 595 nm (A595) and then the concentration of protein was calculated according to the standard curve.
Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) of the PE was performed on a 5.0% stacking gel and a 12.5% separation gel. Prior to electrophoresis, 100 g and 200 g of PE were resuspended in 0.2 mL sample loading buffer (0.5 M Tris-HCl, pH6.8, 4% SDS, 0.1 M DTT, 20% glycerol and a trace of bromophenol blue). After centrifugation at 12000 rpm for 10 min, the supernatant was loaded into gel wells. The SDS-PAGE was run at 20 mA on the polyacrylamide stacking gel and at 40 mA on the separating gel. After completion of electrophoresis, the separated protein bands were visualized using Coomassie brilliant blue G250. A low molecular weight calibration kit was used as the standard molecular weight marker.
Establishment of atherosclerotic mice induced by LPS and cholesterol-enriched diet
Forty male C57/BL6 inbred mice (12 weeks old) were supplied by Guangdong Medical Laboratory Animal Center, China. Animal care and use were in accordance with the Guide for the Care and Use of Lab-oratory Animals issued by the Institutional Animal Experiment Committee of Southern Medical University. All animals were kept in individual cages in a room maintained on a controlled 12-hour dark/ light cycle at 22 2 with 45-55% RH. The mice had ad libitum access to food and water for 1 week. All animals were then randomly assigned to two groups: control group (n 8) and model group (n 32). The method was performed according to Jonathan M and Markus GE but slightly modified 9, 10) . All model group mice received a single perivascular injection of LPS given locally to the right carotid artery, using 1 mL syringes and 25-gauge needles. A volume of 100 L was administered next to the carotid artery and each injection contained 1 g LPS. They received three replicate LPS and control injections every 2 weeks. At the same time, they were fed a 0.5% cholesterol-enriched diet. After 6 weeks, all animals in the control group and 8 mice randomly selected in the model group were killed in order to test the effect of LPS and the cholesterol-enriched diet.
Atherosclerotic mice treated with PE
The remaining mice in the model group were randomly assigned to three groups: negative control group (distilled water, n 8), positive control group (simvastatin, 25 mg/kg, n 8) and PE treatment group (200 mg/kg, n 8). All animals were administered by the treatment gavage once each day. They were sacrificed by decapitation after 40 days of treatment. The plasma was collected and stored at 20 for analysis. The right carotid arteries were carefully removed, cut approximately 1.0 cm long and fixed in 10% formalin-saline for 48 h. They were then dehydrated by successively passing through a gradient of mixtures of ethyl alcohol and water. The samples were rinsed with xylene and embedded in paraffin. Artery sections (5 m thick) were prepared and stained with hematoxylin and eosin (HE), and then mounted in neutral deparaffinated xylene (DPX) for microscopic examination on a Motic BA 400 microscope with Motic Advance 3.0 software. The ratio of the intima to media area was calculated.
Isolation of peritoneal macrophages
C57/BL6 mice were sacrificed and their cells were harvested by peritoneal lavage 11) . The peritoneal cavity was injected with 5 mL cold Roswell Park Memorial Institute 1640 (RPMI-1640). The fluid-distended peritoneal cavity was massaged, and the cells were collected and washed three times by centrifugation at 1000 rpm for 5 minutes. The cells were seeded in 96-well microtiter plates at a concentration of 1 10 6 cells/mL and cultured in RPMI-1640 medium supplemented with 10% fetal calf serum (FCS). After incubation at 37 for 2 hours in a humidified atmosphere of 5% CO2 in air, the plates were then washed twice with RPMI-1640 medium to remove non-adherent cells and the adherent cells were referred to as macrophages.
Treatment of macrophages
These cells were exposed to LPS (100 ng/mL) and different concentrations of PE (0 g/mL, 5 g/mL, 25 g/mL, 50 g/mL) for 24 hours. The positive control group was also treated with simvastatin (15 g/mL), and then 200 L culture supernatant was collected and assayed for the presence of cytokines, including TNF , IL-1 and MCP-1 12) .
Statistical analyses
All data are expressed as the mean stamdard error of the mean (SEM). Student's t-test was used to compare the mean values of two groups. Results were analyzed using one-way analysis of variance (ANOVA). Differences were considered significant when p 0.05. All analysis was performed with SPSS software (version 13.0 for Windows).
Results
Housefly maggots harvested
The adult flies fully matured and began mating after 2-3 days of treatment. Female flies began to lay eggs 3 days later. About 200.0 10.2 g maggots could harvest from every maggot rearing device, and each maggot was about 1.50 0.13 cm long and 22.4 2.21 mg weight. Maggots were pale yellow milk, and the mobility was active.
Assessment of protein content by BCA and SDS-PAGE analysis
After repeated detection 6 times, the protein content of PE was about 89.44% 11.56%. The results of SDS-PEGA, as shown in Fig. 1 , were three regions where the PE protein bands were located. Comparing each band to the marker, the molecular weights of these protein were 66 KD, 20 KD-14 KD and 6.5 KD.
Atherosclerotic mice induced by LPS and cholesterol-enriched diet
On the first day, a local inflammatory reaction was observed on the arterial vessels where LPS had been treated, corresponding to the time course of local skin erythema. When animals were fed a cholesterol-enriched diet for 6 weeks, plasma pro-inflammatory cytokines levels of IFN , TNF and IL-1 were increased significantly compared to the control group ( p 0.01). Blood lipid concentrations of TC, TG and LDL were significantly higher than those in the control group ( p 0.01); however, HDL was significantly decreased compared to the control group ( p 0.01), as shown in Table 1 . Photomicrographs of right carotid artery tissue demonstrated that the thickness of the artery in the model group was cleares in the control group (as shown in Fig. 2 and Table 2 ). The thickened intima consisted mostly of vascular smooth muscle cells. From these results, we can see that atherosclerosis models were established successfully.
Inhibitory effect of PE on atherosclerosis mice
After 40 days of inoculation, homogeneity of variance test results of three pro-inflammatory cytokines in different groups showed that these three indicators met the homogeneity of variance (minimum p value is 0.12, data not shown). As shown in Table 3 , in the PE treatment group, levels of IFN , TNF and IL-1 were decreased significantly compared to the negative control group ( p 0.01). Plasma lipid concentration levels of TC, TG and LDL were decreased markedly compared to the negative control group ( p 0.01), while HDL was increased significantly ( p 0.01).
Histomorphometric analysis (as shown in Table  4 and Fig. 3 ) indicated that the thickness and area of the intima and media in the PE treatment group were both significantly lower than in the negative control group ( p 0.01). Compared to the positive control group, there were differences in intima thickness, intima area and media area ( p 0.05). In the PE treatment group, the area ratio was significantly lower than in the negative control group (n 8, p 0.01).
Inhibitory effect of PE on macrophages induced by LPS
As shown in Table 5 , LPS-induced activation resulted in increased production of TNF (177.99 2.28 ng/mL), IL-1 (14.86 0.28 pg/mL) and MCP-1 (24.20 0.71 pg/mL) in murine peritoneal macro- phages without PE. A significant decrease of these cytokines in the presence of PE was observed. After treatment with PE at the high concentration of 50 g/mL, TNF production in macrophages decreased almost 10-fold in the presence of LPS stimulation (17.96 0.63 ng/mL), while IL-1 and MCP-1 production was completely inhibited. A decrease was also observed in the PE treatment groups receiving low (5 g/mL) and intermediate (25 g/mL) concentrations .
Discussion
The present study suggested that PE could decrease the levels of pro-inflammatory factors and adjust the blood lipid status in a murine model of atherosclerosis, and experiments in vitro also showed that PE inhibited the release of pro-inflammatory cytokines and chemokines in macrophages challenged by LPS.
Atherosclerosis lesions are associated with elevated levels of pro-inflammatory cytokines 13, 14) . These cytokines enhance the release of other inflammatory cytokines 15) and even relate to the production of reactive oxygen intermediates [16] [17] [18] . Abnormalities of LDL, hypertension, infection, diabetes and obesity can trigger inflammation and eventually lead to atherosclerosis, an inflammatory disease 19) . LPS is a potent endotoxin capable of inducing a strong inflammatory response 20) . Chronic oral or systemic infection with LPS could accelerate AS development in mice which are heterozygous-or homozygous-deficient in apolipoprotein E (ApoE) 9) . Macrophages are primary cell types which respond to LPS challenge by the activation of intracellular pathways leading to the production of pro-inflammatory cytokines, such as TNF , IL-1 and MCP-1 21, 22) . Macrophages are the main source of pro-inflammatory mediators in atherosclerotic lesions.
In the present study, we performed a pre-experiment which included different doses of PE (50 mg/kg, 100 mg/kg, 200 mg/kg, 500 mg/kg) to determine the effective dose in vivo. The concentration of IL-1 in serum was tested. The results showed that the slope between 0 mg/kg and 200 mg/kg was greater than the slope between 200 mg/kg and 500 mg/kg (as shown in Fig. 4a ) so 200 mg/kg was selected for the mice. In vivo experiments showed that lipid profiles in atherosclerotic mice treated with PE resulted in a significant improvement in TC, TG, LDL and HDL. In particular, the change in TG and HDL was more apparent. Even compared to the positive control group, TC, TG, LDL and HDL were all significantly ameliorated ( p 0.05). Dyslipidemia is a well-known major risk factor for coronary heart disease, as well as a component of metabolic syndrome, and the role of LDL in cardiovascular disease is well established 23) . At the same time, several reports have raised the possibility that newly developed lipid measurements might be superior to the traditional measurements used for cardiovascular risk prediction. TG 24) and HDL 25) are not only independent risk factors of cardiovascular disease, but also components of metabolic syndrome 26, 27) . Lipid metabolism is a complex dynamic process, in which apolipoprotein (such as ApoA , ApoB), cell membrane lipoprotein receptors and metabolic key enzymes (such aslipoprotein lipase LPL, 7 -hydroxylase) are involved 28) . As early as in 1998, a special lipid transfer particle (LTP) was found in insects (including flies), which was closely related to the lipid metabolism of insects 29) . A substance named lipophorins, which is present in insect hemolymph, also has the function of lipid transport 30, 31) . Studies have shown that the molecular weight of such substances is 100 KD. We suppose that 66 KD of PE may be related to lipid metabolism.
In our study, histomorphometric analysis showed that the damage to right carotid artery tissue induced by LPS was decreased significantly by PE treatment. To our surprise, the three pro-inflammatory cytokines levels (except TNF ) were significantly decreased compared to the positive control group ( p 0.05). Recent studies have shown that homogenate product from maggots can promote wound nerve regeneration within a murine cutaneous wound model 32) . The beneficial effects of maggots on chronic wounds may be explained in part by the inhibition of multiple pro-inflammatory responses 6) . In the present study, we also performed a pre-experiment on macrophages to test the concentration of IL-1 . A clear effect appeared when the PE concentration was between 5 g/mL and 50 g/mL (as shown in Fig. 4b) . We therefore selected 0 g/mL, 5 g/mL, 25 g/mL and 50 g/mL for the macrophage experiment. In vitro experiments showed that after the macrophages had been treated with LPS, levels of TNF , IL-1 and MCP-1 increased significantly. As an effect of PE, TNF , IL-1 and MCP-1 production of macrophages was completely inhibited in the group with a high PE concentration. PE 6.5 KD, which has a similar molecular mass to antimicrobial peptides and is consistent with NCBI data, may play a role in decreasing the inflammatory factor. The role of antimicrobial peptides acting as anti-inflammatory factors directly or indirectly has been accepted by many researchers 33, 34) . These results were also in agreement with previous studies reporting the suppressive effect of maggot excretions/secretions on human multiple neutrophil pro-inflammatory responses 4, 6) . Hou L found that an extract of housefly larvae had antibacterial and anti-tumor functions in vitro 35) . Schachter EN also reported that grain weevil extract had pharmacologic effects on isolated guinea pig tracheal smooth muscle 36) . Many different molecule mass compositions of PE were and the solubility was good. SDS-PAGE analysis indicated that PE mainly consisted of three parts of proteins, as shown in Fig. 1 . Staljanssens D reported that insect cell extracts had antihypertensive activity in vivo without an extra digestion requirement 37) , showing that the anti-atherosclerosis effect of PE may be the result of different molecule mass compositions directly. However, we cannot exclude totally the possibility that PE digested by protease in the gastrointestinal tract still has an anti-inflammatory function; however, the precise components of the maggot protein-enriched fraction/extract remain to be elucidated. There are few reports about insect protein molecular masses in the range of 20 KD-14 KD to our knowledge. We obtained different molecular weights of PE and identified then by high performance liquid chromatography (HPLC). Next, we will evaluate the anti-pro-inflammatory and anti-oxidant effects and how to regulate the metabolism of the lipid effects of these substances.
Conclusion
In summary, the present in vivo and in vitro studies show that maggot protein-enriched fraction/ extracts potently inhibited multiple pro-inflammatory responses in atherosclerosis lesions. These inhibitory actions of PE could provide protection against progression to ongoing inflammation and tissue destruction in atherosclerosis lesions.
